Rationale: Psychiatric morbidity after acute respiratory distress syndrome (ARDS) is common, and our current ability to predict psychiatric symptoms based on patient-and illness-specific factors is limited.
Of the millions of patients who survive a critical illness every year, many go on to develop depression, anxiety, or posttraumatic stress disorder. In particular, long-term survivors of acute respiratory distress syndrome (ARDS) suffer very high rates of psychiatric morbidity (1) (2) (3) (4) (5) , with a recent study showing more than 30% prevalence of depression or anxiety and 25% prevalence of posttraumatic stress disorder (PTSD) at 6 and 12 months (6) . Despite a clear need (7) , there are currently no generally accepted strategies to prevent or treat psychiatric disorders after ARDS or other critical illness.
Several mechanisms have been proposed to account for how critical illness might directly affect the brain and long-term behavioral outcomes. The physiologic stress of acute illness and its accompanying inflammatory state lead to massive neuroendocrine and immunologic responses, which interact and likely contribute to long-term neuropsychiatric sequelae. Of note, corticosteroid treatment has been associated with less severe psychiatric symptoms in survivors of ARDS (1), sepsis (8) , and cardiac surgery (9) .
Despite the growing interest in immune modulatory therapies for systemic inflammatory states such as ARDS and sepsis (10, 11) , to our knowledge, there have been no data to examine whether immune modulatory therapies other than glucocorticoids affect behavioral outcomes. Extensive literature suggests pro-inflammatory cytokines do influence the brain, and may be involved in the pathogenesis of depression and PTSD (12, 13) .
Here we examine 6-month psychiatric outcomes from a randomized controlled trial of granulocyte macrophage-colony stimulating factor (GM-CSF) in ARDS (14) . In the original study, it was hypothesized that GM-CSF would decrease ventilator days and, in doing so, improve long-term psychiatric outcomes. We previously reported no effect of GM-CSF on ventilator days or mortality in this trial. In the current analysis, we show the association of multiple clinical variables with psychiatric symptoms in this population, including age, sex, and severity of illness. Corticosteroid and GM-CSF treatment were associated with decreased and increased symptom severity, respectively, suggesting a role for immunomodulation.
Methods

Participants and Drug Treatment
The participants were patients enrolled in a multicenter, randomized, placebocontrolled trial of GM-CSF administration in acute lung injury (N = 132; Figure 1 ) (14) . All patients enrolled in this trial met the Berlin definition for ARDS (15) . The original trial protocol was described in detail elsewhere, and the study was approved by the institutional review board at each site (14) . GM-CSF is currently not approved by the U.S. Food and Drug Administration for the treatment of ARDS. Patients were randomly assigned to placebo or GM-CSF treatment between 3 and 7 days after ARDS diagnosis. GM-CSF (250 mg/m 2 ) or placebo was administered by slow intravenous infusion over the course of 4 hours once daily, until extubation or discharge from the intensive care unit, for up to 14 days.
Postdischarge Psychiatric Assessment
Survivors were scheduled for follow-up visits 6 months after enrollment, and at the visit they completed several questionnaires regarding psychiatric symptoms. For all questionnaires, higher scores indicate more severe symptoms.
Symptoms of PTSD were evaluated using the Post-Traumatic Stress Syndrome 10 Questions Inventory (PTSS-10) and Impact of Event Scale (IES). A version of the PTSS-10 has been used as a screening instrument for PTSD in patients presenting for long-term follow-up after ARDS, for whom a cutoff of 35 had 77% sensitivity and 97.6% specificity for the diagnosis (16) . The IES is another PTSD screening tool that has been widely used to assess PTSD symptoms in survivors of critical illness, although it has now largely been replaced by a revised version (1, 17, 18) . In the original version used in this study, a total score higher than 19 on either intrusion or avoidance subscales represents a high level of event-specific distress or PTSD-related symptoms (19) .
The Hospital Anxiety and Depression Scale (HADS) was developed to assess anxiety and depression symptoms in medical patients and has been used to assess significant anxiety and depression symptoms in long-term survivors of critical illness (17, 20) . It is typically split into Anxiety and Depression components, in which cutoff scores of 8 or higher or 11 have been used as more sensitive and specific thresholds, respectively, for diagnosis on either scale (17, 20) . Unless otherwise specified, a cutoff of 11 or higher was used for the current analyses.
Cortisol Measurements
Cortisol was measured in plasma from blood samples collected during days 7-10 after randomization from patients who did not receive steroid treatment. Cortisol was Plasma cortisol levels were compared between placebo and GM-CSF groups using a t test. For regression analyses, we considered the following variables for inclusion in the model: age, APACHE III score, ventilatorfree days, organ failure days, sex, drug treatment, and days of corticosteroid treatment. These variables were chosen on the basis of being major clinical or demographic variables and on their prior associations with psychiatric symptoms in survivors of ARDS or other critical illness. Individual Pearson correlations were run to investigate the relationship between each of these variables and psychiatric symptoms scores. The final model included all those variables with the exception of ventilatorfree days and organ failure days, as these were significantly correlated with APACHE score. Choice of variables for the final model was based on the plausibility of their relationship with psychiatric outcomes based on biological considerations and prior evidence.
We verified that the relationships between the examined variables were linear and that they met assumptions of homoscedasticity and normality of residuals. Pearson correlations were run to determine the relationship between circulating cortisol levels and symptom scores. For all analyses, a P value of ,0.05 was considered significant. These analyses were not prespecified in the original statistical analysis plan for the trial.
Results
Patients
Of the 98 survivors, 44 patients (45%) filled out at least one psychiatric symptom questionnaire at the 6-month follow-up visit ( Figure 1 ). There was no difference in completion rates or survival by arm of the study (14) . Clinical and demographic characteristics of these patients are presented in Table 1 . There were no significant differences between placeboand GM-CSF-treated patients on any of these variables. None of these patients had a metastatic malignancy or preexisting immunocompromise, defined as prednisone higher than 20 mg/day or cytotoxic therapy; one patient (in the GM-CSF group) had cirrhosis. Twenty-two of these patients (50%) received steroids at some point during their intensive care unit stay. Baseline characteristics of survivors who did not complete the 6-month follow-up were similar to those in the follow-up group (see Table E1 in the data supplement).
Psychiatric Symptom Scores
On the PTSS-10, 9 patients (20%) met the cutoff of higher than 35 for significant symptoms. On the IES, 11 patients (25%) scored 19 or higher on either intrusion and/or avoidance subscales, with 5 (11%) meeting this threshold for high levels of PTSD symptoms on both scales. There were more patients who met the cutoff for avoidance than intrusion symptoms (9 vs. 6, respectively); thus, most of the affected patients had high levels of avoidance symptoms, with several of them also experiencing significant intrusive symptoms.
For the HADS, 8 (18%) and 6 (14%) of patients met the cutoff of 11 or higher for anxiety and depression symptoms, respectfully. Fourteen (32%) patients met the more sensitive cutoff of 8 or higher for each scale, anxiety and depression. Using the more stringent cutoffs for the HADS, 16 patients (36%) scored above the cutoff on at least one symptom questionnaire, with 7 of these scoring above the cutoff in multiple domains (i.e., either the PTSS-10 or the IES plus one HADS scale), confirming the high prevalence and comorbidity of significant psychiatric symptoms in this population.
GM-CSF-treated patients had higher scores than control patients on all four questionnaires, but these results were statistically significant only for the IES and HADS-depression (Table 2) .
Initial correlational analyses revealed that younger age was correlated with more severe symptoms on the PTSS-10, IES, and HADS-anxiety (see Table E2 in the data supplement). In multiple regression, age, sex, severity of illness, steroid days, and GM-CSF treatment were each independently associated with psychiatric symptoms on at least one scale (Table 3) . Younger age continued to be strongly associated with higher symptom scores on the PTSS-10, IES, and HADS-anxiety. Female sex was associated with an 
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11.6-point increase in IES score, but was not significantly associated with the other scores. Higher APACHE III score was significantly associated with higher scores on the IES and HADS-anxiety. More days of steroid treatment was significantly associated with lower anxiety scores, with a trend of P = 0.05 for the IES. GM-CSF treatment was associated with higher scores on the PTSS-10 and HADS-depression. In this model, GM-CSF treatment was associated with a 6.9-point increase in PTSS-10 score (of 70 total possible points) and a 2.8-point increase in HADS-depression score (of 21 total possible points). As a result of concerns about overfitting in a model with small sample size, we also compared R 2 and predicted R 2 values for each symptom score (see Table E3 in the data supplement) and concluded that overfitting is unlikely to have a significant effect on this model.
Cortisol Measurements
We hypothesized that the negative effects of GM-CSF and younger age on psychiatric symptoms might be a result of decreased endogenous cortisol levels during acute illness. To explore this possibility, we measured cortisol in plasma samples taken between 7 and 10 days after randomization from those patients who received no steroid treatment (N = 16). The mean cortisol level was lower in GM-CSFtreated than in placebo-treated patients (19.7 vs. 29.6 mg/dl, respectively), but this difference was not statistically significant (P = 0.12; Figure 2A ). Similarly, age correlated positively, but not significantly, with cortisol levels in our sample ( Figure 2B ). Finally, cortisol levels appeared negatively correlated with psychiatric symptoms on all four measures ( Figure 2C ), but these associations were not statistically significant in this small sample size.
Discussion
In this analysis of a multicenter, randomized, placebo-controlled trial of GM-CSF in ARDS, we found effects of several clinical variables on 6-month psychiatric symptom scores. In multiple linear regression analyses, we found that GM-CSF treatment, younger age, and more severe illness were associated with more severe psychiatric symptoms in multiple domains. Female sex was associated with a higher IES score, whereas corticosteroid treatment was associated with less severe anxiety symptoms. In a very small subset of patients with no exogenous steroid exposure, we identified a trend toward less severe posttraumatic stress symptoms in patients with higher endogenous cortisol levels.
In this study, we found associations of two patient-specific factors, younger age and female sex, with more severe PTSD symptoms. Younger age was also associated with more severe anxiety symptoms. The existing literature on these variables is mixed, but a recent study of more than 600 patients after ARDS also found more severe anxiety and PTSD symptoms in younger and female patients (6) . Younger age and female sex were also associated with PTSD symptoms in a study of patients with secondary peritonitis (21) .
The association between more severe PTSD symptoms and female sex was not surprising, as women are known to have a higher incidence of PTSD after trauma (22) and a higher overall prevalence of both depression and anxiety (23, 24) . We hypothesized that lower cortisol levels in younger patients could explain this particular association, as discussed here, but the association between cortisol and age was not significant in our small sample.
We also found an association of higher illness severity (APACHE score) with more severe PTSD and anxiety symptoms in our study, which was surprising. This association has occasionally but not consistently been seen in prior studies of ARDS and critically ill populations (6) . The reasons for this are not clear, but could relate to an unmeasured confounding variable in our study.
We identified a surprising association of GM-CSF treatment with more severe PTSD and depression symptoms, despite the lack of effect of this treatment on other clinical outcomes in the same study (14) . GM-CSF is a cytokine whose functions 
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include, but are not limited to, stimulating the proliferation and differentiation of hematopoietic cells. Therapeutically, GM-CSF has been used to prevent neutropenia after chemotherapy, but there has been recent interest in the potential benefits of this immune modulator in critically ill patients (14, 25, 26) . Extensive literature has shown that patients with PTSD and depression have higher circulating levels of proinflammatory cytokines, including TNF-a and IL-6 (12, 13), but to our knowledge, GM-CSF has not been studied in this context. These cytokines cross the bloodbrain barrier and act on microglia and other cells of the central nervous system to influence neuronal activity and synaptic plasticity (12) .
Numerous authors have hypothesized a role for pro-inflammatory cytokines in the pathophysiology of depression and PTSD (12, 13) . In the current trial, there was no effect of GM-CSF treatment on TNF-a, IL-6, or IL-8 levels (14) . It is possible that the effect of GM-CSF on psychiatric outcomes in this study was mediated via a direct effect of this cytokine on immune or other cell types in higher brain areas controlling affective behaviors. Indeed, GM-CSF crosses the blood-brain barrier (27) , and in the rodent brain, this cytokine was able to activate peripheral ORIGINAL RESEARCH blood-derived dendritic cells in the central nervous system (28) . To our knowledge, this is the first suggestion of a neuropsychiatric effect of nonsteroid immune modulatory therapy in critically ill patients, and we suggest future trials of these therapies include prespecified neuropsychiatric endpoints. We also explored the association of psychiatric symptoms with both exogenous and endogenous glucocorticoid exposure. Previous work indicated that patients who received corticosteroid treatment in the ICU had fewer symptoms of PTSD; in fact, one small randomized controlled trial of hydrocortisone treatment showed a significant decrease in traumatic memories in the steroid treatment group after cardiac surgery (9, 29) . In our study, there was a trend toward a protective effect of steroid days on the IES (P = 0.05). We did not have information on steroid compound or dose; this in addition to the small sample size could explain the lack of a significant association between steroid days and PTSD symptom scores. We did find a novel protective effect of corticosteroid days on anxiety symptoms, which needs to be verified.
The possibility that endogenous cortisol at the time of critical illness may protect against psychiatric symptoms has not previously been explored. Patients with PTSD after psychological stress and critical illness have well characterized perturbations to their hypothalamicpituitary-adrenal axis, including lower baseline cortisol levels (30, 31) . Although most of this work has been performed on patients with already identified PTSD, one study showed that lower 24-hour urine cortisol immediately after motor vehicle trauma predicted later development of PTSD (32) . Thus, low cortisol levels may be a marker of preexisting vulnerability to PTSD, and part of the pathophysiologic process leading to the disorder (33) . In contrast, higher cortisol levels have generally been described in patients with depression, although this may not be the case in patients with a history of trauma (34, 35) .
On the basis of this existing evidence, we hypothesized that lower cortisol levels during acute illness would be associated with more severe psychiatric symptoms. We also wondered whether the effects of GM-CSF or age might, in part, be a result of changes in HPA axis activity. The immune response and HPA axis influence each other in a bidirectional fashion, with pro-inflammatory cytokines classically stimulating the axis and glucocorticoids feeding back to suppress cytokine production (36, 37) , but the influence of the immune modulator GM-CSF on HPA axis activity is not known. Moreover, several previous studies have documented higher blood cortisol levels with increasing age (38, 39) . In a very small sample size, we did see a trend for more severe PTSD symptoms with lower endogenous cortisol levels. We also saw lower cortisol levels in GM-CSF-treated and younger patients that did not reach statistical significance. These findings are nevertheless intriguing and should be explored in future studies with adequate power.
In this study, both the PTSS-10 and IES were used to measure posttraumatic stress symptomatology. As described in the METHODS, both these questionnaires have previously been used to measure PTSD risk in critically ill patients after discharge, but they differ significantly in their approach to this task. Although most of the questions on the PTSS-10 concern general symptoms of PTSD, the IES queries specifically about symptoms related to the experienced traumatic event (time in the intensive care unit). For this reason, both questionnaires were included.
We found good agreement between the questionnaires, with similar direction and magnitude of effect of the different variables. We did find that more patients met a previously published cutoff for PTSD risk on the IES than on the PTSS-10, which was mostly explained by a higher prevalence of avoidance symptoms on the IES. We suggest that event-specific avoidance symptoms are a strong component of posttraumatic stress symptomatology in ARDS survivors, a finding that could perhaps be explored clinically with tailored treatment strategies.
Limitations
Our study has several limitations. Although the psychiatric symptom questionnaires were part of the original study design, the trial was not powered for these endpoints. We did not have data on preexisting psychiatric symptoms or on mental health treatment after discharge. These and other confounders missing from the model could have altered the conclusions. In addition, a large proportion of the patients were lost to follow-up, raising a concern for loss of randomization.
Depression, PTSD, and anxiety symptoms could influence patients' willingness to follow up, and this may have underestimated the prevalence and severity of symptoms in our population. However, it is reassuring that clinical and demographic variables for the lost to follow-up population were very similar to the analyzed group. In addition, the 6-month prevalence of significant PTSD, anxiety, and depression in our sample was similar to previous reports in patients after ARDS or acute lung injury, which may also suggest there was little differential nonresponse based on psychiatric symptoms (1, 6, 40) .
Finally, in this study, plasma cortisol was only measured at one point during the acute illness/drug treatment period. Future studies that assess cortisol levels at multiple points and using other methods (e.g., salivary, urine, and hair cortisol) will obtain a better understanding of patients' acute and chronic exposure to glucocorticoids and HPA axis dynamics during acute illness and recovery.
Conclusions
In this follow-up analysis of a previous randomized, placebo-controlled clinical trial, we report positive associations of younger age, female sex, increased severity of illness, and fewer days of corticosteroids with psychiatric symptoms 6 months after ARDS. We also show more severe PTSD and depression symptoms in GM-CSFtreated patients. Further, we show trends between endogenous cortisol levels and psychiatric symptoms. These findings should be confirmed in prospective, adequately powered clinical trials. The potential effect of immune modulation, such as by corticosteroids and cytokines, during acute illness for the brain and behavior in survivors should be further investigated and may have therapeutic potential. n Author disclosures are available with the text of this article at www.atsjournals.org.
